These processes can affect the lifetime of the first wall PFCs and the in-vessel tritium inventory [9, 10] . It has been shown in [8] that filament electrons can thermalize with the background plasma within a short radial distance from the separatrix. However, less mobile ions in the filaments could carry a considerable fraction of their initial energy to the first wall and increase the sputtering from the main chamber PFCs. The measurements of the ion temperature in the filaments, fil i T would also provide useful background information for turbulence modelling. Unfortunately, with the exception of some preliminary measurements on CASTOR [11] and ISTTOK [12] , The i-side (e-side) RFA faces the outer (inner) divertor along the magnetic field lines.
As shown in Fig. 1 , the horizontally reciprocating RFA is installed 31 cm above the outer midplane. The probe head, described in more detail in [16, 17] , has an outer diameter of 6.2 cm. The RFA sensors are located 15 mm behind the probe tip. The probe is aligned with B so that the RFA is sensitive to the parallel-to-B velocity of incident ions. The RFA consists of two identical analyzers mounted in a Mach probe arrangement, monitoring the plasma from both directions along the magnetic field lines. As shown in Fig. 1 , the "i-side" of the RFA faces in the direction towards the outer divertor and the "e-side" of the RFA is looking along field lines into the inner divertor. The i-side / e-side denote the side of the RFA intercepting the ion / electron drift directions. As depicted in Fig. 2 During the reciprocation in the discharge #26190, the RFA was maintained for 10 ms at the midplane separatrix distance 21 = Δ sep r mm, which is outside the shadow of both the inboard and the outboard limiters. Fig. 4 , they last about 15 μs. The conditionally averaged time evolution of these bursts is asymmetric around the maximum, with a steep front followed by a trailing wake. This is consistent with the predicted dynamical evolution of the filament due to interchange motions [7] as well as with earlier experimental observations (e.g. [2, [18] [19] [20] ). The currents measured by the e-side RFA are far less intermittent. The dynamical behavior of sat j measured by each RFA is reflected in the probability distribution functions plotted in Fig. 5 Strong poloidal asymmetry of the radial particle and energy transport was previously observed in the divertor as well as limiter tokamaks (e.g. [3, 4, 6, [22] [23] [24] and references therein) and stellarators [25] . These observations indicate that the filaments are expelled into the SOL in the vicinity of the outboard midplane by the ballooning-type instability. As the filaments propagate outwards in the SOL, they extend along the field lines, driving parallel flows [3, 5] . Since the probe is located above the outboard midplane, it seems obvious that the intermittent current bursts are observed mainly by the i-side RFA which faces most filaments as they expand along the flux tubes. The same conclusion has been reached elsewhere [26, 27] .
Experimental results

1. RFA time traces in L-mode
As can be seen from 
Background ion temperature
When the parallel collisionality is high, it is a standard practice to assume that in the SOL the ions have a drifting Maxwellian distribution of parallel speeds ( ) We note that e i T T > seen in Fig. 7 was observed in L-mode plasmas in a number of limiter and divertor tokamaks ( [37] and references therein). In the divertor configuration, e i T T > in the SOL can be explained by higher parallel conductivity of electrons compared to that of less mobile ions, so that electron fluid experiences stronger cooling by parallel losses to a divertor [38] .
Filament ion temperature
At least in theory, the most straightforward way to measure the ion temperature on the filament time scale by a RFA is to sweep 1 g V with a frequency 1 g f higher than the rate of change of the filament ion current, which is several 100 kHz. This is, however, beyond the capability of the RFA diagnostic set up in AUG, featuring 1 g f up to several tens of kHz.
In the present experiment, fil i T is obtained using the conditional averaging technique similar to that described in [39] . The peaks of the ion current density [40] and section 4). It is also worth mentioning that the electron temperature in filaments in the SOL of DIII-D, estimated from a multi-tip probe, was almost 3 times the background electron temperature [8] . T . In order to estimate r v we use a fluid model of the parallel filament transport described in [14] .
In the model, the filament transport is described in the filament frame of reference by the temporal evolution of a Gaussian structure in which the initial particle and energy content decreases due to parallel losses to the divertor targets along open field lines. The model was previously employed to study the transport of ELM filaments in JET (e.g. [14, 26] ) and AUG ( [17, 41] ). Once the initial filament temperatures and density are specified, their time evolution due to parallel transport to the nearest surface can be calculated. Concerning the question of the initial filament parameters, observations in AUG [21] and elsewhere (e.g. Before proceeding further, a remark is given to the standard model used to interpret the RFA measurements (e.g. [28, [47] [48] [49] ). The model assumes that ions in the SOL are thermalized, so that the unperturbed 'SOL ion temperature' can be obtained from the I-V characteristics measured by both sides of a bidirectional RFA using the aforementioned calibration [29] . The present study distinguishes between the ion temperature in the filaments and that of the background plasma, showing that the first can be considerably higher 
Simulations of T i fil measurements
In absence of instruments for fast SOL i T measurements, the simulations provide the only means of testing the reliability of the data analysis method used in the previous section to
The time traces of fluctuating ion and electron temperatures ( e i T , ) and plasma density n are generated by the global nonlinear three-dimensional electromagnetic gyrofluid turbulence code GEMR. The details of the code may be found in the references [50] [51] [52] [53] [54] [55] . The code has been recently used to study the effect of the electron temperature fluctuations on the Langmuir probe measurements [40, 56] . The code solves the first six moments of the gyrokinetic equation for ions and electrons in a circular flux surface geometry, using a consistent treatment of the energy conservation [51] . The simulation domain comprises 
available in many sources (e.g. [38] ), is used to obtain sheath V from the simulated time series It is at least partially convincing that similar see δ was observed in very recent experiments in the Tore Supra tokamak under various conditions [57] . The collector current is evaluated as 
assuming Maxwellian ions [28] and with sheath V given by Eq.(1). For the sake of simplicity we have neglected the attenuation of the incident ion current by the RFA grids and by the slit plate aperture. Numerical studies suggest that the attenuation has only weak influence on i T measurements [16] . For illustrative purpose, c I is also evaluated neglecting sheath V . 
Summary
Ion energies in the L-mode turbulence filaments have been measured in the ASDEX Upgrade SOL using a bi-directional retarding field analyzer located above the outer midplane. 
